Study Design. A retrospective study was performed.
N erve sheath tumors (NSTs) constitute almost one third of primary spinal neoplasms with an annual incidence of 1.3 to 10.0 per 100,000. [1] [2] [3] They are encapsulated and slow-growing neoplasms, originating from Schwann cells or their progenitors throughout the spinal canal. 4 Generally, NSTs may become symptomatic during any age with a peak incidence in the fourth and fifth decades of life. There is no marked predilection between men and women. 5, 6 The vast majority of spinal NSTs are benign, whereas the malignant form is relatively rare. 7, 8 NSTs can occur at any level of spine with a predilection for thoracic spine. 1, 9 On account of the insensitivity of NSTs to conventional adjuvant therapy, surgical resection is critical to treatment. 1, 10 Total surgical resection is recommended for spinal NSTs, but the relatively complicated anatomic structures in cervical spine hinder such efforts and local recurrence is sporadically reported. 4, 7, 11 In the literature, despite the critical location of these tumors, minimal information on cervical spinal nerve sheath tumors (CSNSTs) has been published. Most of the published information came from case series with small sample sizes and short-term follow-up, 1, 5, [12] [13] [14] detailed data about postoperative recurrence and overall survival (OS) were also not covered in the present literatures. Therefore, it is necessary to perform a systematic analysis of a large case series regarding CSNSTs to identify the prognostic factors for recurrence and OS. The objective of the present study is to present longterm outcomes and identify the prognostic factors by analyzing a large case series undergoing surgery in a single center.
MATERIALS AND METHODS

Patients
From October 2000 to October 2012, 175 patients with CSNSTs were surgically treated and documented in the Spine Tumor Center of Changzheng Hospital (Shanghai, China). The research was approved by the hospital ethics committee and written informed consent was obtained from all patients or their legal guardians. Of the 175 patients, 6 patients were failed to follow-up; thus, a total of 169 patients were included in the present study. The diagnosis of CSNSTs was confirmed by pathology in all patients during or after operation. The clinical and pathologic data of all patients were retrieved from the previously maintained database of our center and the medical records at our hospital. The preoperative and recovery status of neurological function were classified according to the Frankel grading system and muscle strength grading system. 15 
Surgical Strategy
The individualized surgical strategy was decided for each patient before operation and performed by the same surgical team. Surgeries were performed by posterior approach or a combination of anterior and posterior approach according to the size of the extraforaminal tumor. 6, 16 For most intraspinal lesions or dumbbell lesions with a small extraforaminal extension, resection can be accomplished by a simple posterior midline approach and laminectomy with or without disruption of the facet joints. When dumbbell tumor has a relatively big extraforaminal extension, a posterolateral approach is recommended to resect the tumor with a laminectomy and facetectomy. With regard to big extraspinal tumors or dumbbell lesions with an anterior big extraforaminal extension, a combined approach may have worked. A posterior approach was performed first and gross removal of the entire tumor was easily achieved via the anterolateral approach in the secondstage surgery. If no separate fascicle can be identified, partial resection was performed to minimize the fleshy internal portion of the tumor while leaving its peripheral capsule intact to preserve neurologic function especially for functionally important nerve roots in the C5-8. Spinal stabilization depends on the levels of laminectomies and the location of the tumor. 1, 8, 17 We performed the spinal stabilization for tumors located in the junctional location (C0-2 and C7-T2), and tumors which was bigger than three levels. Intraoperative pictures are shown in Figure 1A -D.
Postoperative Follow-up
The study specifically focused on the local recurrence and death status after the initial surgery in our center. A diagnosis of recurrence was made on the basis of clinical manifestations, imaging findings, and pathologic evaluation of the second surgery. 18 All patients were followed up on the outpatient basis at a 3-month interval in the first 6 months, then at a 6-month interval for the following 2 years, and annually for life thereafter. 19 Events were defined as the first evidence of local recurrence for LRFS or death related to any cause for OS. The follow-up period was defined as the interval from the date of surgery to local recurrence, death, or until October 2014 in cases without events. 20 
Statistical Method
Quantitative data are represented by mean (median, range), whereas qualitative data are represented as counts and percentages. The univariate and multivariate analysis of various clinical factors was performed to identify independent variables that could predict prognosis. The LRFS and OS rates were estimated by the Kaplan-Meier method, and differences were analyzed by the log-rank test. Factors with P values 0.1 or lesser were subjected to multivariate analysis by Cox regression analysis. 21 P values of 0.05 or lesser were considered statistically significant. All statistical calculations were performed by SPSS version 17.0. (SPSS, Inc., Chicago, IL).
RESULTS
Demographic Features
The characteristics of 169 patients with CSNSTs are shown in Table 1 . The series were composed of 87 (51.5%) men and 82 (48.5%) women, with a mean age of 45.8 (median 46.0, range 16-78) years. Of these patients, 158 (93.5%) were admitted for primary lesions, whereas the remaining 11 (6.5%) were recurrent cases after surgical treatment in other institutions.
The most common preoperative symptoms were segmental pain and hypesthesia, which were present in 162 (95.9%) patients. Preoperative physical examination indicated 104 (61.5%) patients with Frankel grade A-C and 65 (38.5%) with Frankel grade D-E. Forty-five (26.6%) CSNSTs were located in the upper cervical spine (C1-2), with the rest 124 (73.4%) lesions in subaxial cervical spine. Preoperative muscle strength grade of affected extremity was also collected and 109 (64.5%) cases were classified into grade 0-3, with 60 (35.5%) cases being confirmed to grade 4-5. All the patients adopted radiographic examinations before operation, and 102 (60.4%) patients showed adjacent bone structure destruction to varying degrees. Magnetic resonance imaging, mostly presenting hypo-or iso-T1WI and hyper-T2WI (n ¼ 160, 94.7%), was used as the principal method to diagnose these tumors.
Surgical Findings
Total tumor resection was achieved in 150 (88.8%) cases, whereas partial or subtotal tumor resection was performed in 19 cases (11.2%) to avoid to injury to the functional nerve root or spinal cord. Forty-seven cases (27.8%) were classified into intraspinal tumor, with 113 (66.9%) cases confirming to be intra-extraspinal ones and 9 (5.3%) being extraspinal ones. Intraoperative observation combined with preoperative imaging indicated 13 (7.7%) lesions with cyst degeneration or hemorrhage, 127 (75.1%) cases belonging to V type of Sridhar. Tumor size was measured intraoperatively or postoperatively and the mean tumor diameter was 3.49 (median 3, range 1-12) cm. Final diagnosis depended on pathological examination results, and benign CSNSTs were confirmed in 157 (92.9%) patients with malignant ones in 12 (7.1%) cases.
Follow-up Review
The conditions of postoperative patients during follow-up period at outpatient visits, or from telephone consultation are shown in Table 2 . At the last follow-up, recurrence was detected in 14 (8.3%) patients after initial surgery in our center and 9 (5.3%) patients died in the follow-up period. The mean follow-up period was 72.1 (median 62.0, range 1-158) months. The mean time from surgery to recurrence was 44.1 (median 34.5, range 17-115) months, whereas the follow-up period for the dead patients was 27.2 (median 24, range 1-84) months.
Of the 160 patients alive, 85 (50.3%) or 39 (23.1%) patients had a promotion at least two or one grade of the Frankel score during follow-up, respectively. These 124 (73.4%) patients returned to either their previous occupation or some kind of physically strenuous work. The neurological function of 30 (17.8%) was not improved significantly; other 6 (3.6%) patients experienced neurological deterioration. The pre-and postoperative neurologic statuses are presented by Frankel grading system and muscle strength grading system (Supplemental information, Tables S1 and S2, http://links.lww.com/BRS/B141). Twelve (7.1%) patients were detected to have postoperative bleeding, with nine (5.3%) patients experiencing wound infection and six (3.6%) getting postoperative pulmonary infection. Lower extremity deep venous thrombosis was occurred in two (1.2%) patients.
Eighteen (10.7%) patients had postoperative cerebrospinal fluid leakage. Five (3.0%) patients developed central nervous system infection, and two (1.2%) patients died in 2 months after surgery. Five of the 12 malignant CSNSTs progressed to multiple metastasis and eventually died, with the first transferred organ being lung in three patients (60%), cerebrum in one patient (20%), and liver in one patient (20%). Two (1.2%) patients experienced complications from the operation in other center after recurrence. Table 3 summarizes the principal causes of death during the follow-up period.
Univariate and Multivariate Analysis of Prognostic Factors for Local Relapse-Free Survival
The anatomic constraints of cervical spine make CSNSTs hard to treat, and the recurrence rate of CSNSTs was considered to be higher than schwannomas in other location. 17, 23, 24 Results of univariate analysis for LRFS are shown in Table 1 . According to inclusion criteria, potential prognostic factors extracted by univariate analysis were submitted to multivariate analysis by Cox regression. Resection mode and pathology were evaluated as effective variates for recurrence. LRFS was significantly increased in patients who accepted total tumor resection (hazard ratio [HR] ¼ 10.474, P ¼ 0.001). Patients with malignant schwannoma had a significantly lower LRFS than those with benign one (HR ¼ 19.707, P < 0.001). The KaplanMeier curve of resection mode and pathology is shown in Figure 2 . Details are listed in Figure 3 . Details are listed in Table 5 .
DISCUSSION
NSTs are one of the most common primary spinal tumors. 25, 26 The treatment of CSNSTs is often challenging because of its compressive effect in the minimal space of cervical region, and adhesion to adjacent vital neurovascular structures. 27 How to prevent local recurrence is an important issue of spinal NSTs, whereas detailed recurrence rate and OS after surgery are still unclear. In our research, we performed univariate and multivariate analysis to investigate the prognostic factors affecting LRFS and OS in patients of CSNSTs with a long-term follow-up period. The results suggested that total tumor resection and benign pathological type were favorable factors for both the LRFS and OS. Moreover, postoperative recurrence was an adverse independent factor to OS.
In our series, the mean age was 45.8 years, with a peak incidence between 40 and 50 years of age, which were similar to the findings of previous reports. 1, 28 The ratio of men to women was 1.06:1, and there was no obvious sex predominance in our series, which was corresponded to previous figures of Hori et al, 29 Levy et al, 30 and Salah et al. 6 In our study, age and sex were not independent factors for LRFS and OS of CSNSTs. The same results were achieved for treatment history, duration of symptom, number of involved segments, size and shape of tumor, magnetic resonance imaging signal, preoperative Frankel score, and intraoperative blood loss.
Histologically, typical benign schwannomas contain varying proportions of two distinctive tissues, Antoni A type and Antoni B type. The former type presents as firm, encapsulated neoplasms made up with interwoven bundles of long spindle-shaped Schwann cells, whereas the latter type often intermingles with areas of more polymorphic Schwann cells embedded in a loose eosinophilic matrix. 1, 31 The malignant schwannomas of spine were much uncommon, usually exhibiting atypical cellularity, nuclear pleomorphism with high mitotic activity. 4 These tumors may present as solitary lesions or in relation to von Recklinghausen's disease. In our series, we found no patient in association with von Recklinghausen's disease. All patients experiencing malignant lesions have received radiation therapy postoperative, and five of nine patients died of tumor metastasis. Long-term survival is poor for malignant schwannomas on account of its tendency to spread perineurally along with difficulty of radical resection. 32 The findings of our research also suggested that pathology type was an independent factor for LRFS and OS of CSNSTs, and malignant form was closely related to the ending events.
Intraosseous schwannomas in the cervical spine was considered to bring more challenges for surgeons. 22, 31, 33 According to the classification of Sridhar et al, 22 intraosseous lesions belong to type V with a relatively poor prognosis due to erosion of vertebral body or extension into the myofascial planes. Type V lesion, also known as giant invasive schwannoma, is often difficult to treat and also more prone to cause postoperative spine instability. The results of our study, however, showed that no obvious difference of prognosis existed in the subgroup analysis of type I-IV and type V.
Although the majority of schwannomas are entirely intradural, many CSNSTs extend through the dural root sleeve and have intradural and extradural components (dumbbell schwannomas). Ozawa et al 5 and Gu et al 28 had reported the dumbbell schwannomas, and considered that these tumors had different clinical features and surgical treatment compared to common schwannomas, but its relation to prognosis was not mentioned. In the present study, the results revealed that no significant difference of LRFS and OS rates was found between dumbbell schwannomas and common schwannomas. The severity of the preoperative symptoms was also considered by Seppala et al 1 to influence clinical outcome after surgery. In addition, other preoperative symptoms were not independent factors.
Surgical treatment is the foundational strategy for CSNSTs, with the purpose of preserving or even improving neural function, relieving pain, controlling local recurrence, and promising prolonged survival. 1, 7, 28, 32 Total excision of tumor without causing neurological damage is the optimal protocol for the treatment, 25 ,28 but it's sometimes difficult to achieve. Some authors also insisted that partial removal of lesions was advisable due to the relatively long interval to recurrence, and even residual parts tended to shrink during the follow-up period. 1 The findings in our research suggested that total tumor resection could not only reduce recurrence but also significantly improve survival. For some special cases with large size or invasive nature, even skilled microsurgical techniques may, however, not be possible to radically remove lesions. In this regard, although subtotal resection may lead to tumor recurrence and further death, subtotal resection mode has to be chosen to find the balance between desirable prognosis and protection of neurovascular function.
Although spinal schwannomas are supposed to have low growth potential and recur rarely, 1 14 (8.3%) patients experienced tumor recurrence in our study.
Recurrence may exacerbate the neurologic defects, increase the difficulty of the second surgery, and even lead to tumor progression and finally death. We found that local recurrence was an adverse factor for OS in our series.
For primary malignant CSNSTs, Chandler et al 32 had reported that surgical treatment was palliative, and long-term survival was uniformly poor. Of the 12 patients experiencing malignant tumors in our series, 5 patients were, however, still alive during the follow-up period and the longest follow-up reached to 119 months without any events. Although in the subgroup analysis of malignant CSNSTs, total tumor resection was not a favorable factor for both LRFS and OS for the relatively small sample size, radical removal of tumors was still a goal in the treatment of this lesion.
As far as we know, our research is the largest series of CSNSTs to date, with the almost longest follow-up until now. The analysis is also highly homogeneous for patients coming from a single center; however, there are some limitations. First, the nature of a retrospective study is a limitation of this research. Second, patients included in the study were all underwent surgery with relatively obvious symptoms. Third, the duration of follow-up might not be long enough with 81 censored patients less than 60 months.
In conclusion, the results suggested that total tumor resection and benign pathological type were favorable factors for both the LRFS and OS. Moreover, postoperative recurrence was an adverse independent factor to OS.
Key Points
CSNSTs are one of the common primary spinal neoplasms and minimal information has been published in the literature regarding this subject, to identify the prognostic factors for recurrence and OS is very essential. We retrospectively reviewed 169 patients with CSNSTs treated surgically in our institute from 2000 to 2012, discussing the factors that might affect the prognosis of patients with CSNSTs. To the best of our knowledge, this report represents the largest series and the longest follow-up period. Univariate and multivariate analyses were performed to identify prognostic factors for recurrence and OS. Total resection could significantly improve the LRFS and OS for patients with CSNSTs, whereas malignant CSNST was associated with worse prognosis. Moreover, postoperative recurrence was an adverse independent factor to OS.
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